Oregon ABINOVITCH (I) in 1927 studied the effect of atropine on the absorption R of water and chloride from Thiry-Vella fistulas in two unanesthetized dogs. The atropine was administered either by subcutaneous injection or by placing it in the 0.9 per cent NaCl test solution. Rabinovitch stated that atropine increased both water and chloride absorption; however not all the data were presented, and no statistical analysis was performed to determine if differences observed were significant, hence the problem cannot be considered solved.
R of water and chloride from Thiry-Vella fistulas in two unanesthetized dogs. The atropine was administered either by subcutaneous injection or by placing it in the 0.9 per cent NaCl test solution. Rabinovitch stated that atropine increased both water and chloride absorption; however not all the data were presented, and no statistical analysis was performed to determine if differences observed were significant, hence the problem cannot be considered solved.
The question is of considerable theoretic interest since atropine has marked effects on intestinal secretion and motility. The net uptake of a substance from the bowel might be influenced by either of these actions of atropine, or cholinergic blockade itself might have an effect on rate of absorption.
METHOD
Six mongrel dogs having Omi fistulas prepared according to the method previously described were used in this study (2) . The method of preparation of the fistula includes the steps outlined in figure I. After recovery from the operation the dogs were trained to lie quietly on a table so that they could be used for experiments in the unanesthetized state.
The fistulas were filled and emptied by means of a burette-catheter system. In some experiments the intraluminal hydrostatic pressure of the test solution was kept constant by adjustment of this burette. A second burette led to a retention balloon just inside the stoma and around the catheter. This balloon was filled with water to a pressure of approximately 25 cm., thus acting as a plug for the fistula (2) .
Preceding each experiment the fistula was washed with warmed saline. In all experiments chloride determinations were made on stock test solutions and on aliquots of solutions recovered from the fistulas at the end of absorption periods. The samples were titrated against a standard silver nitrate solution.
Series I. This series of experiments was conducted as a control measure to determine the rate of absorption of water and chloride over a period of 3 hours during which no drug was administered. Each of the IO experiments in this series consisted of six consecutive Jo-minute absorption periods. Since it was found in previous studies that intraluminal hydrostatic pressure is a significant variable in determining the rate of water and chloride absorption (2) , this variable was controlled. The pressure level of 15 cm. of saline was selected for the following reasons: I) The fistulas fill easily at this pressure and show normal motility; 2) leakage from the fistulas is infrequent; 3) this pressure has not been shown to interfere with blood flow through the intestine; and 4) it is not high enough to elicit the intestino-intestinal inhibitory reflex (3) . All volume measurements were made to the nearest 0.5 cc.
Series II. Twelve experiments were conducted in which 1.3 mg. of atropine sulfate in 4 cc. of water was injected subcutaneously after two or three control periods. As in series I, each absorption period lasted 30 minutes, with 4 or 5 minutes elapsing between consecutive periods, and intraluminal pressure was maintained at 15 cm. Absorption and heart rate were observed for three periods following the injection. Step one: The isolation of a segment of upper jejunum 18 to 24 inches long, leaving its vascular and nerve supply intact.
Step ho: Formation of a 'figure 6' fistula by anastomosis of the distal end to the side of the segment.
Step three: Pulling the proximal end through an opening in the abdominal wall to form a stoma.
Step foz~ End-to-end anastomosis of the remaining intestine.
Series III. In this series the volume of test solution introduced into the fistula was the same for each test period in a given experiment. Each volume was selected so that it would run easily into the fistula at a pressure of 15 cm. or less. The plan of experiment was similar to that described above, except that each absorption period lasted 15 minutes and four post-injection periods were conducted. Volumes were measured to the nearest 0.1 cc.
RESULTS
The term 'absorption' is used here simply to indicate the change which occurs in the amount of a substance during its presence in the gut, and negative absorption means that the amount recovered at the end of a test was greater than the amount introduced.
Series I. Results of the control experiments are presented in table I. The means for the six absorption periods can be compared, and when their differences are subjected to analysis of variance they are found not to be significant: F .05 = 2.37; F water = 0.64; F chloride = 0.64. It is noteworthy that the highest mean rate of absorption occurred during the fifth period. The mean and standard deviation for each experiment are shown in the columns to the right. In most of the experiments there was considerable variation from period to period, but the means of all experiments show only a slight upward trend from second to fifth periods. cc. Series II. In table 2 are shown the results of 12 experiments in which intraluminal pressure was kept constant. The mean rates of absorption of both water and chloride were increased approximately 100 per cent after atropine. Differences between the mean rates of water and chloride absorption during the control periods are not statistically significant ; t .05 = 2.20, t water = 0.35, and t chloride = o. I 2. Each of the three mean rates of water absorption after atropine was compared with the mean for control period I, and each of these differences was found to be significant (table 2) . The same comparisons were made for chloride absorption, and similar results were obtained. The maximum effect on absorption occurred during the first 3o-minute period after atropine, which corresponded in time with the maximum increase in heart rate.
During the absorption periods the volume of test solution in the fistula was not measured exactly. However, it was observed that at approximately 15 minutes after the atropine injection the fistula began to relax and to accommodate considerably The results show the same general tendency as that found in series II, except that the increase in absorption rates after atropine was approximately 60 per cent. Statistical analysis was performed using the values of the second control period as a basis for comparison. Although all of the means after atropine are higher than those of the second control period, not all the mean differences are significant (table 3) .
DISCUSSION
Two different approaches to the study of effects of atropine on absorption of water and chloride have been used in this study. In a previous study it was demonstrated that intraluminal hydrostatic pressure is a factor which influences absorption (2) ; therefore, in experiments of series I and II this variable was controlled. However, after atropine is injected another important variable, surface area, becomes evident. The increase in intrafistula volume following atropine perhaps is an indication of an increase in the surface area available for absorption.
In the third series of experiments an attempt was made to control this variable by introducing a standard amount of solution at the beginning of each absorption period in a given experiment.
In the series in which constant pressure was used it is quite evident that one of the effects of atropine was to relax the gut wall and thereby allow more solution to enter the fistula. This, presumably, would increase the surface area available for the absorption process and thus increase the rate of absorption even if no change occurred in rate of absorption per unit of surface area exposed to the solution. The possible inhibitory effect of atropine on secretion by the intestinal epithelium merits consideration since the amount of secretion influences the net absorption.
In both series of experiments secretion possibly was decreased by atropine. There was no attempt made to measure this effect because of the lack of a simple and accurate method for determining the rate of intestinal secretion under the conditions of these experiments. The method frequently used is to measure the concentration of bicarbonate in resting secretion and in the solutions recovered from the fistula, and then to add the calculated volume of secretion to the measured volume of net absorption. This method is intended to provide a true measure of fluid movement from the intestinal lumen to the blood stream. In order to use this method it must be assumed that I) the concentration of bicarbonate in secretion remains constant under all conditions of the experiment and z) the bicarbonate ion enters the intestine only by the process of secretion. Neither of these assumptions has been established experimentally.
In the third series of experiments the surface area factor was controlled, but the possible effect on secretion was still present. Atropine may influence absorption by other methods which are not suggested by these experiments. Atropine in these doses inhibits motility of the small bowel, but it does not seem likely that this change would contribute to an increase in the rate of absorption.
It is of interest that absorption is acclerated even though tonus and motility are decreased.
The length of absorption period was altered in series 111 to determine if reliable results could be obtained from Is-minute periods. One disadvantage becomes evident when measurements for the first period after atropine are compared (table 3) . In some experiments the drug apparently had exerted an effect, while in others the effect did not appear until the second period. This variation in response is probably related to the time required for absorption of atropine from the subcutaneous injection. In view of this variation the longer absorption period is somewhat more accurate.
SUMMARY AND CONCLUSIONS
Water and chloride absorption was studied in six waking dogs with jejunal fistulas. Preparation of the fistula is described briefly. Three series of experiments were conducted: I) Control experiments in which intraluminal hydrostatic pressure was kept constant and no drug was administered.
2) Experiments in which hydrostatic pressure was controlled and 1.3 mg. atropine sulfate was injected subcutaneously. 3) Experiments in which a standard volume of solution was used for each experiment, and the same dose of atropine sulfate was administered. It is concluded that under the conditions of these experiments atropine produced a significant increase in the rate of removal of water and chloride from the lumen of the jejunum.
In the experiments in which pressure was kept constant the increased absorption is attributable, in part, to an increase in surface area exposed to the test Folution. It is considered that the accelerated uptake of water and chloride in the experiments in which a standard volume was used is related either to an actual increase in rate of gut-to-blood transfer or to a decreased rate of intestinal secretion. In the latter series the amount of increased absorption produced by atropine was not as great as in the former.
